Most prior research on the neurobiology of addiction has focused on the role of subcortical systems, such as the amygdala, the ventral striatum and mesolimbic dopamine system, in promoting the motivation to seek drugs. Recent evidence indicates that a largely overlooked structure, the insula, plays a crucial part in conscious urges to take drugs. The insula has been highlighted as a region that integrates interoceptive (i.e. bodily) states into conscious feelings and into decision-making processes that involve uncertain risk and reward. Here, we propose a model in which the processing of the interoceptive effects of drug use by the insula contributes to conscious drug urges and to decision-making processes that precipitate relapse.
Evidence for the role of the insula in addiction Addiction to drugs of abuse is a major public health concern. By itself, cigarette smoking, the most common addictive behavior, is the largest preventable cause of morbidity and mortality in the developed world [1] . Drug addiction is a mental disorder characterized by the compulsive use of drugs that persists despite awareness of negative consequences [2] . Underlying addiction is a set of physiological and psychological processes, such as tolerance, withdrawal, learning, incentive motivation, conscious urges and maladaptive decision making, that have distinct yet complimentary roles in the development and maintenance of addiction.
The insular cortex, or insula, is of particular interest in the study of drug addiction because of its probable role in conscious urges to take drugs. Many functional imaging studies have revealed activation of the insula during drug urges, although none of these studies has focused on the insula specifically. Many of these studies have shown that activity within the insula is correlated with the subjects' ratings of urge (Table 1) . This indicates that the insula has a role in the generation of the conscious feeling of urge. However, these studies merely demonstrate correlation of insula activity with conscious urges; they do not prove a causal role for the insula in conscious urges -a limitation common to many functional imaging studies. Also, although it seems self-evident that conscious urges should have an important role in promoting drug dependence, some authors (e.g. [3] [4] [5] ) have argued that conscious urges are less important than implicit (i.e. non-conscious) motivational processes for driving ongoing drug use in a dependent individual. Thus, it is necessary to ask the question of whether the insula (and the conscious urges that might depend upon this region) are necessary for maintaining the addiction to drugs of abuse.
More recent studies have examined how executive functions mediated by the insula might play a part in addiction. Paulus and colleagues [6-8] have shown that a high level of activity in the insula during a simple decision-making task is associated with relapse to methamphetamine use, indicating that dysfunction of the insula underlies some of the abnormal decision making that leads to continued drug use in the face of negative consequences. The idea that insula dysfunction underlies drug addiction is also supported by a study showing that chronic cocaine users have reduced grey:white matter ratios in the insula [9] . This finding is of note also because of the well-known increase in prevalence of cigarette smoking among schizophrenics, who also have a reduction in insular grey matter [10] . It remains to be seen whether these observed abnormalities in insula structure reflect a strengthening of processes that promote ongoing drug use (e.g. urges), a weakening of processes that prevent ongoing drug use (e.g. decision-making functions that avert relapse) or both.
We explicitly addressed the role of the insula in addiction in a recent study [11] in which we examined the effects of insula lesions in addicted smokers. We examined smoking addiction because of its prevalence and public health importance, in addition to the ready availability of smokers among the population of individuals with stroke. We compared 19 smokers who sustained damage in the insula with 50 smokers who sustained damage in other brain areas, retrospectively assessing changes in their smoking behavior after suffering from brain damage. We found that smokers with brain damage involving the insula were >100 times more likely than smokers with brain damage not involving the insula to undergo a 'disruption of smoking addiction', characterized by the ability to quit smoking easily, immediately, without relapse and without a persistence of the urge to smoke. In one case, this disruption of addiction after insula damage was so profound as to lead one patient to proclaim that his 'body forgot the urge to smoke'. This study was notable because it provided the first evidence in humans that a specific brain region played a crucial part in addiction, although it was limited in that it examined disruption of addiction retrospectively and looked only at a single drug of abuse. More importantly, perhaps, this study drew attention to a brain region that had been largely ignored in the drug addiction literature up until that point.
